SUMMARY Existing methods for the production of lymphocytes from the small intestine have proved unsatisfactory when applied to the mouse. We report here a new method for the production of highly pure suspensions of lymphoid cells from the epithelial layer and lamina propria of mouse small intestine. The production and purification methods are described in detail. At least ten million lymphocytes are obtainable from each small intestine from either the epithelium or lamina propria and the cell suspensions are shown to be little contaminated by non-lymphoid cells. Preliminary analysis of the two cell types indicates that they belong either to two separate populations or to one population in very different stages of differentiation. The use of purified lymphoid cells from the epithelium and lamina propria of the small intestine may enable examination of the generation of cytotoxicity towards gut epithelial cells; this may be important in the development of inflammatory bowel diseases.
With increasing interest being shown in the immunology of the gut, it has become necessary to produce pure populations of lymphoid cells from the intestine to examine their immune effector function. Potentially the small intestine can yield lymphocytes both from the epithelial layer, the so-called intraepithelial lymphocytes, and from the lamina propria. So far, the majority of studies have been carried out on human small or large bowel tissue where two methods of extraction have been tried: mechanicall-3 and enzymic.3-5 Mechanical and enzymic extraction techniques have also been tried with varying success on experimental animal intestinal tissue.A-8 In the vast majority of these studies, 'mucosal' lymphocytes have been extracted with little regard to their origin from the epithelial layer or lamina propria. In view of the observation8s that cytotoxic T cells in the epithelial layer appear to have a different cytotoxic potential from those in the lamina propria, it is necessary to examine separately lymphoid cells from the two layers when assessing effector function.
We report here an efficient, economical, and reproducible technique for producing lymphoid Received for publication 18 December 1980. 481 cells from mouse smalil intestine epithelium and lamina propria. The cells are obtainable in very high purity and viability and preliminary observations on some of the properties of the isolated cells show that the two populations are different. Methods ANIMALS C57B1 10ScSn, DBA/2, CBA/Ca, and Balb/c mice were supplied and bred from department stocks. Age-and sex-matched mice were used within any one experiment.
M E D I A RPMI 1640 X 10 concentrate (Gibco Biocult) was brought to isotonicity (308 mOsmol/kg) by dilution with 10 mM HEPES, 25 mM sodium bicarbonate buffer, and corrected to pH 7-2 with 5N sodium hydroxide. This medum was routinely supplemented with 5% heat-inactivated newborn calf serum (NCS; Gibco), 2 mM L-glutamine, 100 units/ml penicillin and 100 jig streptomycin (Gibco). The addition of 30 ug/ml gentamicin (Sigma) is recommended during the extraction procedure if the cells are to be cultured.
Calcium and magnesium ion free Hanks' balanced salt solution (CMF) (from 10) was made up as a X 10 concentrate and diluted to isoton- Figure for flow chart of method) Stage 1 Small intestines were removed from animals and handled in batches of three. The guts were thoroughly washed through with cold CMF using a 50 ml syringe fitted with a short plastic cannula. This removed all food remains and much mucus.
Thorough washing of the gut is essential, not only to remove food but also to clarify Peyer's patches for their subsequent removal. Although a flush through of 10 ml of CMF per gut is sufficient to delineate Peyer's patches, the use of 40-5O ml per gut results in less debris being encountered in later stages. Mucus has not been found to be of any problem in the mouse and, although various mucolytic agents such as dithioerythritol have been added during the initial incubations, they make no difference to the final yield.
Preparation andpurification oflymphocytesfrom the epithelium and laminapropria ofmurine small intestine 483 Stage 2 The cleaned small intestines were then placed on CMF-moistened paper towels and all Peyer's patches, blood vessels, fat, and mesentery were completely removed. Removal of all macroscopic Peyer's patches is essential, so that they do not contaminate the final preparations. Removal of all adherent fat from the intestine improves the final yield and removal of blood vessels decreases the number of red blood cells which need to be removed in the purification stages. Stage 3 The intestines were then opened longitudinally and cut laterally into small pieces (0-5-1 cm). These pieces were well washed in CMF in a 50 ml flask by aspiration of the supernatant and addition of clean CMF.
Separation of the gut into small pieces (about 05 cm long) is advisable for maximal cell yield and, again, good washing of the pieces in CMF is advantageous.
Stage 4 After addition of 25 ml 5 mM EDTA in CMF, the guts were incubated at room temperature with a magnetic stirrer at 250 rpm to remove the epithelium. When the supernatant fluid became sufficiently clouded with cells, it was removed and fresh EDTA/CMF added (usually every 15 minutes). After about 90 minutes, no more cells were seen in the supernatant indicating that all the epithelium had been removed. This was confirmed by histological examination of the remaining fragments.
EDTA/CMF at 25°C has been found to be optimal. Although Preparation andpurification oflymphocytes from the epithelium and laminapropria ofmurine small intestine 485 siliconised glass tubes; 1 ml 1.085 g/ml Percoll (RI=13464) was overlaid with 2 ml 1055 g/ml Percoll (RI 13420) then 3 ml RPMI/NCS. Alternatively, 2 ml 1055 g/ml and 4 ml 1055 g/ml Percoll in a siliconised universal container were used. T'he The use of Percoll to purify the cell suspensions is found to be the simplest and most economic method and results in the best yields.
Results
Methods for producing purified lymphoid cells from the epithelial layer and lamina propria of the small intestine of the mouse have been described. Although the two techniques are described separately, the two cell suspensions can be produced from the same group of intestines. If, after isolating the intraepithelial lymphocytes (IEL), suspensions of lamina propria lymphocytes (LPL) are required, the LPL separation technique can be resumed at stage 4, the time for the EDTA incubation being reduced by half.
TIME FOR PREPARATION OF CELLS
Preparation time for intraepithelial and lamina propria lymphocytes from the time of killing the animals to the end of final purification is three to four hours and four to five hours respectively.
VARIATION OF CELL YIELD WITH MOUSE STRAIN AND AGE
Lamina propria cells have been prepared from C57B1, DBA/2, Balb/c, and CBA/Ca mice. There does not appear to be any difference in the cell yield from any of these strains. Within C57BI mice, cell preparations have been made from animals varying in age between 6 and 24 weeks. Although all the cell yields were within the range quoted below, it has been found that mice of 8-12 weeks in age represent a compromise of gut size and lack of fat deposits both of which affect the final cell yield. The average cell yield was 9 X 106 to 18 X 107 cells per mouse for intraepithelial lymphocytes and 5X 106 to 16 X 107 cells per mouse for lamina propria lymphocytes.
CHARACTERISATION OF PURIFIED CELLS
Composition of cell populations On the basis of Leishman staining, IEL and LPL suspensions have been characterised as shown in Table 1 . After purification on Percoll, both cell suspensions contain at least 90% lymphocytes. In the IEL, the contaminating cells are mainly epithelial while the LPL are slightly contaminated with macrophages and eosinophils. The two lymphocyte populations from the gut do however vary in size. Table 2 shows the size classification of IEL, LPL, and mesenteric lymph node lympho- The preparation of human gut mucosal lymphocytes has been utilised to measure cell-mediated reactions ecneciallv in natients with bowel disease. The data on the cytotoxic capacity of gut lymphocytes from such patients are very variable3 17 and probably a consequence of the assortment of preparation techniques used. Some of the enzymes used can alter the cytotoxic potential expressed by cells,'8 while mechanical disruption of mucosal tissue induces the release of prostaglandins which can also alter cytotoxic expression. ' 9 Using an animal model of gut lymphocyte preparation, we can examine the effects of different preparation techniques on cell function and explore some of the properties of the cells in a system which is more open to experimentation. In particular, we can now examine the generation of cytotoxicity in LPL and IEL against gut epithelial cells.
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